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The body of information presented is directed to environmental scientists and
policy makers without chemical or metallurgical engineering backgrounds. This paper
addreseea the problems of reducing sulfur dioxide emissions from primary copper
smelters in the western United States and projects the fulure impact of emissions
within a framework of legal, technological, anl economic considerations. Methodology
used to calculate historical sulfur dioxide emissions is described. Sulfur dioxide
emission regulationa are outlined as they apply to primrry copper smelters. A discus-
sion of available sulfur dioxide control technology and copper smelting processes sum-
-marizes the technological and economic problems of reducing copper smelter emissions.
Based upon these technological and economic consideraticms, projections of smelter
emissions indicate that compliance with ex!sting legislative requirements will be
achieved by 1990. Three smelters are projected to close by 19C5.
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Introduction

The US Environmental Protection Agency has estimated that in 1970, 34
❑illion tons of sulfur dioxide were introduced into the atmosphere by US
source6. Although the greatest eource of sulfur dioxide emie~ions was
coal-fired electric power generation, primary copper smelters emitted
about 10.6% of the total for that year. II-Iaddition, the impact of
smelter emissions is greater in the western half of the country where
most of the US primary smelters are located (see Table 1).

We calculated historical s~llfurdioxide emissions from copper smelters
in the western US to illustrate recent trends. Our c~lculations were
based upon published emissions inventories, when avsilable, and upon m~tal
production data, sulfur balance data, rated smelter capacities and sulf~r
dioxide control. With the enactment of federal and state clean aiz leg-
islation, state air pollution control agencies have required emission
data from ❑ajor sources, including primary copper emelters, and have main-
tained records of air quality mc.asurements. The public records can bc
used to determine the magnitude of smelter emissions for recent years.
Unfortunately, emissions inventories in most states are available only
for the past five to ten years. Howeverj emissions for earlier years can
be calculated from metal production data provided that the sulfur content
of the ore and the level of sulfur dioxide control installed at a emeltcr
are known. In 1974, the A.D. Little Company reported a’Jeragesulfur con-
tent in copper concentrates at all of the smelters included in this study.
To use these figures to calculate earlier emissions, we mcde several as-
sumptions described below.

Most of the amel~ers received concentrated ores from the same mines
over the years 1965-75. Howeverr several smelters received varying
amounts of concentrates from dirfere~t sources. We assumed that the c)vcr-
all av(.ragesulfur content of these concenLrales did not change signifi-
cantly. In addition, we assumed no change in the efficiency of th~
process employed to remove other eulfur containing ❑inerals from copper
sulfide minerals illthe ore. Variations in the ●mount of iron b:!lfides,
in particular, would affect the amount of sulfur dioxide produced iuring
arnclting.

We assembled data on sulfur dioxide control f(om Geveral suurces. In
some cases, where the overall sulfur capture was not reported, we e~timn-
ted the level of control from the tvpc of air pollution control t~ch!lolo~v
and the plant configuration. UC did not attempt to distinguish :l~tw(’rll
etack emissions and fugitive cmissionq in our ●stimntes. BccauNe nol”
sulfur dicxide emimsion f!~l:imatcsar~ baged upon the tonna~c of cop~~r
mutal produc~d, we did not consider th~ approximately two percent input
sulfur captured in the ulag as contributing to overall sulfur dioxi~lr
control. Thie 2% is ●pproximately ●qual zo that associated with thr u!l-

recovered copper.

Our calculations of oulfur dioxide eminaionn frcm we-tern copper
~clterti for the yeara 1965-1975 ●re presented in Table 11, With tllr
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TABLt 1. Dmrsllc pr)mmrv copper ameltrrm currently in operation.

LYcat ion

El Pa60, lemma

Hnyden, Ariconm

Tacaa, Wm~’. nIton

Annc~nda, Montana

G3ppcrh ill,
Tenneawee

Miami, Ari?ona

Cnrfimld, UI.,1

Hayden, Ari dona

Hurley, M- Hemico

llcCill, Nevmdi

San ?lanuel , Ar, sona

Ajo, Aritona

DouR1a I, Arlzonn

)lorcnci, Arl tona

?I avan, N- )fPx IC(B

W,ite P)nr,

Rlchtnan

St, t,
—-—

Tot al

UBU. 11,

IQ(>$
—

1015

Ml
19R
9P
I?’
114
201

2V61

Year. of Initial

Oprrat ion

1905
1912
In’w

1906

18L5

]OIJ

1907
I050
1919
1907

19\b

19>0
1’?10
l’%]

I“lh

19$!

Procrn<— .—
Furnace

Revrrh
Reverb

Reverb

Electric

Electric

Electric

Noranda
R@vrrb

Reverb
Eeverb

Revrrh

Reverb

Reverb
Rrverl, (?)

Grmrnfrrd
Rrve. b (1)

Flanh

Revr: h

calculated Sulfur diomldr cmiaminrln from primary ropnrr

.elr. rB In Ihr went 196\ -19?\, (Kllutonal {r).

Converters

Pierce -Smtch

Pirrce-Smirh

Pirrce-Smltl,

Pi@rcr-Smith

Plrrce-Smktl,

Holmkrn

Pierce -Smi[h
P)erre-Sm)th

Piarce-Smith

Pierce -Smirh

P1ercr-Smlch

P1ercr-Smlll

P1ercr-Smith

Plrrcr-smlfl(

Pierce-Smith

exception of the rnnjor @trike in 1967 and a lesser etrike in 1971, dc-
cieaues in ●miqs;tillacmn be accribl’tcdto emi~eior,ereduction efforts bv
the smelters.

lb~ulntory Considerations.——— --—.— —-

To project future emisroionn,we have exnminrd regulatory, technologi-
cal and economic conoideratione. RaRrA upon historical ●violence,the most
important ftclor in determining the magnitude of sulfur dioxide eminsiono
is the regulatory ●nvirornnent. After ● brief deecriptiollof fede}al ●nd
state legislafio!l●nd of the isnues that have ●rioen, w~ will dencribe
t~:hnolo~ical and ●conomic difficulties in ccmplying with clean ●ir
lt’gialtkion.

The prewrnt regulation of ●tmospheric pollution produced by nonferroJ#

amellerc drrives from the 1967 Clean Air Act and its Amr,ldmrn~sof 1970
and 1977, in which Congreae ●stablished ● national legislative framrw(lrk
deeign~d to protect ●ir quality.
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In 1971, the EPA promulgat~d National kbiellt Air Qunli.tv Standards
(NMQS) for six criteria pollutants including sulfur dioxide. Section
110 of the 1970 Clean Air Act Amendments requires states to submit a State
Implementation Flan (SIP) designed to improve the air quality in areas
already in violation of NAAQS (nonattainment areas) and to maintain these
standards throughout the state. State ambient air quality standards
adopted in the SIP must be at le-st as strict as NAAQS. Strategies to
reduce emissions from stationary sotirces,including c:pper smelters lo-
cated in noriattainmentareas, are included in the SIP. The ultimate emis-
sion limitations must be designed to maintain NAAQS regardless oi the
costs or technological feasibility. Smelters have reduced NAAQS viola-
tions by building tall st~cks, and by using supplementary control systems
that curtail production when meteorological conditions would interfere
vith the normal dispersion of emissions. However, the 1977 Clean Air Act
Amendments specify that emission limitations must reduce the overall at-
mospheric pollution loading on a continuous basis; dispersion technlq~es
cannot be substituted for continuous emission reduction technology to
achieve NAAQS. Compliance with the ultimate emission limitation may be
postponed until January 1, 1983, or possibly until January 1, 1988,
through the Nonferrous Smelter Order (NSO) program. Nonferrous smelters
unable to comply with the permanent emission reGuction requirement, e+.ther
for technical or economic reasms, may continue <o use dispersion tech-
niques under an NSO granted by the EPA. D~ring the interim, NAAQS must
nevertheless be maintained and research efforts to develop appropriate
emission control technology must be undertaken.

In states where the copper amelti-lgindustry constitutes a large seg-
ment of the economy? emission regulzicionshave become a uensitive politic-
al issue. Environmentalists and industry disagree on the economic feas-
ibility of complyiug with the ultimate emission limitations, which for
most smelters require approximately 9CZ contr(’.lof sulfur dioxide. Chc
appropriate methodology used to determine acceptable emission limits a- 10
is disputed. In several states, these issues are currei~tlybeing lit:ga-
ted. Sulfur emiseion limitations adopted by states to control nonferrous
smelters have been submitted for EPA approval, alt+ough in most cases
this approval is still forthcoming, Incompatibilities between state and
federal requirements have not yet been resolved and thw, the ultimate
level of air pollut;on control to be required remains in dispute. Until
the is?ues are resolved and SIP emission limits are approved by EPA,
smelterr must comply with the existing state regulnticns.

Nev major titation~rysources, including primary nonferrous smelters,
nust complv with New Source Performance Standards (NSPS) defined by EPA
under provisions of the Clear Air Act Amendments, Modified or reconstru~-
tod sources whose emissions would exceed those of the old source must
also comply with NSPS. These stand&rds in effect require all stack gas
r,treams ●nd fugitive emissions to be controlle+ by 99% removal of sulfur
dio:ide.

Tn add;tion to NRFS, new mnjor eourceo mu~t comply with Prevention of
Significant Deterioration (PSD) regulations eeteblished under Seca.
160-169 of the amended Clean Air Act. PSD regulations are intended to
protect nrons in wh;ch ambient ●ir is cleaner than \-equiredto meet NMQS
and will limit the number of nite~ availqhle for constriction of a new
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(“grassroots”) Smei.ter. New facilities must demonstrate that the
projected emissions will not exceed PSD increments or violate NAAQS, and
that the best available control technology will be applied.

Technological Considerations

For certain smelters in this study, there axe technological and eco-
nomic difficulties in complying with the current regulations. These dif-
ficl!lties are a~sociated with reducing sulfur dioxide emissions from
reverberatory furnaces (rwerbs), operated b] ten of the fourteen smelters
in the western US. Pollution control t~rh~tologyhas not been installed
at any uf these reverbs. Electric furnaces, flash furnaces, and contin-
uous smelting processes are new and more efficient types of systems for
=aneltingcopper. Among the advantages offered by the newer technologies
are reduced operating costs, reduced fugitive emissions, more easily con-
trolled process emissions, and more streamlined materials handling. How-
ever, replacement of reverbs requires an enormous capital investment, an
alternative that companies must weigh agairst the costs of retrofitting
reverberatory furnaces to comply with strict emissions regulations.

The problems of reducing sulfur dioxide emissions from reverbs ca~
best be described within the context of the entire smelting process. The
copper containing ores smelted in the US are primarily sulfide ores, the
most abundant being chalcopyrite. The low copper content of the ore,
typically less than 1%, is increased before smelting by a concentration
process that selectively recove~s metal containing particles from the
matrix rock. Copper concentrates typically contain 18-.8% copper, 23-33%
iron, 23-38% sulfur, varying amounts of silica, magnesium, calcium, and
aluminum, and trace amounts of arsenic, lead, zinc, nickel, and other
metals.

About half of the US copper smelters roast the dried concentrates
before ,sme?ting. During roasting, vcrlatilemetal impurities escape and a
portion of the sulfur is oxidized and released as sulfur dioxide, (see
Table 111). Roasting reduces the water content and thus imploves smelting
efficiency, increases the copacitj of the fu~nace, and lowers its opera-
ting cost. In the smelting furnace, the concentrates are melted to sep-
arate the copper containing layer (matte) from the slag. Some impurities,
including sulfur, are oxidized and ear.apewith the furnace off~ases. The
molten copper matte i~ transferred to the converters and there undergoes
a series of exothermic rhemical reactions that ultimately remove the
Iexnainingsulfu~, iron, and other metal impurities to produce 97-99°:pure
bliBter copper containing less than 0.1% sulfur. Fire refining removes
the remaining sulfur and yields & copper product that may be marketed or
sent to nn electrolytic refinery for removal of trace metals.

—- —. ..—.-
9CWRCV Utfcrwrce 1,
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Poll(ltionControl Technology

The most widely employed technology for controlling sulfur dioxide
emissions from copper smelters is the contact sulfuric acid plant. All
but two smelters in this study have installed at least one acid plant to
control converter gas streams. The gas stream is passed through a series
of catalyst beds where most of the sulfur dioxide is catalyticallyoxidized
to sulfur trioxide. The gas stream is then passed into an absorptitm
tover containing 98% sulfuric acid and 2% water; there the sulfur t~ioxide
reacts with water to produce 100% stilfuricacid. The efficiency of sulfur
dioxide conversion is increabed from 97-9~% i~ a single contact plant to
99% in a double contact plant by returning the gas stream to the ac;l
plant converters after the .irst pass through the absorption tower. It
should be noted that these efficiencies are based on the amount of sulfur
in the gas stream treated by the acid plant, not the total amount of sul-
fur dioxide producei.at the smelter. The tailgas containing unreacted
sulfur dioxide and unabsorbed sulfur trioxide is usually treated to remove
acid mist and then vented to the atmosphere. The product acid may be
marketed directly, neutralized for disposal, or used to leach metal from
oxide ores.

Several process requirements have a direct bearing upon economic acid
plant operation. The gas stream entering the acid plant must be cleaned
renddried. During the catalytic oxidation step, it is very important to
maintain the gas temperature at 425-455° C. If the concentration of
sulfur dioxide in the process gas stream is less than ebout 42, supplemen-
tary heat must be provided. The size of the catalyst bed is directly
proportional to the voltnnetricflow of gas. Large volumes of offgases,
therefore, require large acid plants that are more expensive to operate
than acid plants treating concentrated gas streams of small volume.

The concentration of sulfur dioxide in the offgas stream from reverbs
is too low to be controlled directly and economically by acid plants be-
cadse the gas stream requires supplemental heating for the catalytic
oxidation step. At this timep none of the gases exhausted from copper
converters and roasters can be controlled efficiently. Exhaust gases
from the newer smelting processes such as Noranda, Mitsubishi, and flash
smelting also are very editable for control in acid plants, us shown in
Table IV.

rA?JJ! XV. Sulfur dioxidr eonc?nt ration in proc-oc offmco?t

Averm~r SO, Crmcrntr#t ton—--. — ..—

5-101
12-141
9-101
6-91
9%

0.5-),3Z
7-101
11-141
lox

10-201
0:
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The elemental sulfur plant is another type of air pollution control
technology that produces a marketable by-product. Although elemental
sulfur plants have.been counnerciallyavailable from Allied Chemical in
the US and from Outokumpu Oy in Finland since the early 70sj there are
limitations to this process that make it uneconomical for many smelters
to install and operate. For the process to work efficiently, particulate
must be removed from the gas stream and the reacticm temperature must be
carefully maintained. The temperature is affected by the ratio of sulfur
dioxide to oxyge;lin the gas stream and by the concentration of sulfur
dioxide. Consequently, the only offgas streams from smelter processes
that may be controlled economically by elemental sulfur plants and without
preconcentration are those discharged from fluid bed roasters (12-14%
sulfur dioxide, 1-3% oxygen) and flash smelting furnaces (10-14% sulfur
dioxide, 1-3% oxygen). For the elemental sulfur technologies to be ap-
plied to a weak offgas stream such as the gas from a reverberatory fur-
nace, the sulfur dioxide would have to be preconcentrated, thereby
increasing both capital and operating costs. An elemental sulfur plant
has not been operated on a commercial scale by a smelter in this study.

The US Bureau of Mines has developed a m~dified sulfur reduction
system, which has %en demonstrated at pilot plants at the Bunker Hill
lead smelter in Idaho :nd at the Magma Copper Company smelter in Arizona.
The advantage of this system is that it can control sulfur dioxide at the
very low concentrations typical of reverb offgas streams with greater
thar.90% efficiency. However, the cost of natural gas required by this
process amounts to more than one-fourth of the annual operating costs.b
The process has thus far been considered by the industry to be an unaf-
fordable alternative, and no commercial scale plants have been built.

Dimethylaniiine (DMA) scrubbing and the Wellman-Lord process are
technologies that separate and concentrate sulfur dioxide from weak gas
streams, making a process gas stream more suitable for treatment in ac$.d
plants or elemental sulfur plants. These processes also may be used to
desulfurize tailgases from other control processes. The advantage of L)MA
scrubbing is its efficiency ovez a lurge range of sulfur dioxide concen-
trations (from 3-10%), and it has been operated by ASARCO at the Tacoma
smelter since 1974. Although the Wellman-Lord process has not been in-
troduced at any smelter in this study, it is attractive for its simplicity
and SC2 recovery of greater than 90% from power plant gas streams con-
taining less tilan1% S02, For copper smelters, however, either system
is an additional control and its costs, both capital and operating, are
added to the costs of other sulfur dioxide control equipment. Energv
costs are large in these systems, comprising up to 50% of the total
operating cost. DMA scrubbing has an additional disadvantage in that the
toxicity of the DMA itself makes containment quite critical.

Weak concentrations of eulfur dioxide in gas streams may be scrubbed
by nonregenerative processes. There are several systems that have been
developed, all of which capture sulfur dioxide as a salt precipitated
frc~ the ocrubbing liquor. The ecrubbing liquor may be regenerated but
che captur d sulfur is either marketed or thrown away. Disposal of un-
marketable sludge (3-4 lbn sludge/ltiS02) is F major disadvantage of

lime/limestone and double ●lkali ncrubbin~ systems. AlthouRh these
eystems have not been inetalled at anv US reverb smelter, limr scrubbing



has been
by-product

80-67.3

introduced at the Onahama reverb smelter in Japan. The
gypsum is marketed.

Environmental and economic problems currently face developers of am-
monium bisulfite (ABS) scrubbing. Efficiency of the process must be
maximized to reduce the loss of unreacted ammonia to the atmosphere as a
visible plume. While the ABS scrubbing process achieves high recoveries
of sulfur dioxide frcauweak offgas streams, couuoexcialscale operations
deperidupon the economic c~e of recovered ammonium sulfate. Although
pilot plant studies have tested these processes, not has been introduced
on a couonercialscale by a smelter in this study.

Pyrometallurgical Technology

The major problem involved in reducing sulfur dioxide emissions from
reverberatory furnaces is the need to treat tremendous volumes of offgases
that contaitivery low concentrations of sulfur dioxide. Reverbs heat the
concentrates by neans of burners at one end of the furnace. These burners
are fueled by natural gas, pulverized coal or oil and require large vol-
umes of air for proper combustion. The enormous volume of gases in the
furnace dilutes the sulfur dioxide produced by smelting to concentrations
of less than 2% by ~olume. Although scrubbers can efficiently remove
sulfur dioxide at such concentrations (see Table V), operating costs of
scrubbing the high volume reverb offgases makes them unattractive
alternatives.

S~e plant modificatj.onscan b- made to treat reverb offgases in acid
plants already introduced to reduce sulfur dioxide emissions from con-
verters. The addition of fluidized bed roastinb can redcce the proportion
of sulfur dioxide produced in the furnace. CGn’.rolof roaster and con-
verter emissions can recover up to 70% of tkiesulfur in the concentrates.
A portion of the furnace offgas may be blended with the roaster emissions
to produce a gas stream containing over 4% S02 that can be sent to an
acid plant for treatment. The overall sulfur capture can be raised to
about 80%. Oxygen enrichment of the combustion air in the reverb can
ef!;ectivelyincrease the concentration of S02 in the furnhce offgases
to make them suitable for acid plant treatment. It has been estimated
that fluidized bed roasting, oxvgen enrichment, and tightly hooded con-
verters could deliver 85-90% of the feed sulfur to the acid plant at
suitable strength.8 It should be emphasized that modifications such as
described above would require substantial expan~ion of existing acid plant
capacity,

TABI.Z V. Rfficicncirs o, ●ul fur dioxidr co?trol trchnolo~ie~.

——— r’”’”” ~f-f ) c irnrym Concrntrat inn of SO. Tr~at*d

97-981
991

90-9$1

95!

951
971

901
97X
97x

4-9X
4-91
1?%
4-8!
1%
It
lx
11
lx
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Extensive modifications at the Onahama reverb smelter in Japan have
achieved approximately 99% control of S02. Converter gases are treated
in a double contact sulfuric acid plant. Reverb S02 emissions are
preconcentrated by magnesium oxide scrubbing for treament in a remodeled

sulfuric acid plant. In addition, combustion air is oxygen enriched, air
infiltration into the furnace offgas has been effectively controlled, and
acid pla!,ttailgases are scrubbed.

Rather than modify existing smelting processes to improve sulfur
dioxide control, several smelters in this study have introduced new
smelting processes. Kennecott Copper Corporation replaced the reverbera-
tory furnaces at the Garfield smelter with a modified Norania system.
Reverbatory furnaces operated by Anacor!daand Inspiration were replaced
by electric furnaces. Phelps Dodge elected to build a flash furnace at
their new Playas, New Mexico, facility. The principal advantages offered
by these newer technologies are reduced operating costs and more economi-
cally controlled process emi~sions than obtainable from s retrofitted
reverb smelter.

The characteristics of electric furnace smelting are similar to those
of the reverb. Whereas thermal energy from fossil fuel combustion is
used in reverbs to melt concentrates, electrical resistance heating is
used in electric furnaces. Roasted concentrates and fluxes are distribut-
ed on the bath surface and melted by heat generated as an electric cur-
rent is passed through the slag layer. Convective currents allow the
molten layers to separate, the copper matte layer settling to the bottom
where it is tapped and transferred to converters. Electric furnaces
remove abo~t the same percentage of sulf~r from the concentrates as do
reverbs. However, the sulfur dioxide produced is not diluted by the large
volume of combustion gases typical of reverbs. The 7-10% concentration
of sulfur dioxide in electric furnace ~ffgas is suitable for treatment in
sulfuric acid planta or elemental sulfur plants. Efficient sulfur re-
covery. mi.nlimalparticulate emissions, and lower heat losses make electric
furnaces attractiv~, particularly where favorable contracts for electric
power can be obtained.

More energy efficient than either reverbs or electric furnaces are
flasilfurnaces, in which heat for smelting is derived from exothermic
chemical reactions produced in the concentrates. Two different processes
have been developed, one by the International Nickel Company (Into) of
Canada and the other by Outokumpu Oy of Finland. The Outokumpu process
was installed at the Phelps Dodge smelter at Playas,,New Mexico. Althou@
roasting is not necessary for flash smelting, concentrates must be dry
(less than 0.1% moisture) when they are introduced into the vertical sec-
tion of the furnace. As the particles fall to the surface of the molten
bathp they are ignited by a stream of prehetitedair (’Outokumpuprocess)
or oxygeu rich (Into process) air. Oxidation reactions of iron and sulfur
contained in the concentrates produce enough heat to melt the particles.
Because the process gas volume is relatively low, eulfur dioxide concen-
trations in the offgaees range from li-14% in the Outokumpu process and
75-80% in the Into process. Such high concentration and lcw process gas
volumes can be treated efficiently and economically in acid Or ~l~pntal
sulfur plants. One of the disadvantages of both types of flash ~melters
is the need to recover copper from the furnace slag, which contains mare
than 1% copper by weight,
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Other smelting processes designed by Mitsubishi Metal Corporation of
Japan and Noranda Mines Ltd. of Canada reduce copper ;ulfide concentrates
direc’ly to blister copper in one continuous operation. Both processes
take Jvantage Of the heat producing cnemical reactions in the smelting
process and thereby reduce fuel consumption. The energy requirements are
similar to those of flash smelting. Continuous smelting, however, is not
appropriate for dirty concentrates because such a system is unable to
reduce the level of metallic contaminants as well as can be done in a
separate conversion process.

In the Mitsubishi system, the molten material passes through a series
of three specialized furnaces. Since the composition of the concentrates,
the mat~rials balance, and the flow must be very carefully managed, the
Mitsubishi system may not be an appropriate substitute for the more flex-
ible reverberatory furnace smelting in the US. However, this process is
being installed at the Timmins, Ontario, operations of Tex~sgulf, Canada,
and is expected to begin production in 1980. From the standpoint of sul-
fur dioxide control, the system is very attractive--a continuous low
voluuIestream of about 10% sulfur dioxide is emitted from eacl!furnace.

The Ncranda procesu produces molten slag, matte, and blister copper
in cne smelting vessel, thereby minimizing material handling, fuel con-
sumption, and capital investment costs. As in the Mitsubishi system,
concentrates and flux are introduced c~ntinuou~;y. The gas stream emitted
from a Noranda reactor cnntair:~from 10-20% sulfur dioxide and may be
efficiently and economically treated by acid plants or sulfur recovery
~lants. The fuel consumption is approximately the same as in flash
smelting. However, the,slag conta~ns 9-12% copper and must be reprocessed
to recover the copper. Furthermore, the blister copper contains 1-2%
sulfur and may contain a greater concentration of other impurities than
blister produced by other smelting systems. Some concentrates are not
suitable for smelting with thifiprocess because of their high impurity
content.9

Kennecott Copper Corporation (KCC) has adapted the Noranda a~stem to
their Grrfield, Utah, operationa to reduce opernting coste end Bulfur
dioxide smisaions. Matte containing 70-75% copper is produced by 3 modi-
fied i~orandare~ctorR: the matte is then treated in converters to remove
the remaining impurities. The KCC system produces a strong gas stream
averaging 8% sulfur dioxide that is controlled by acid plants to pro,~ide
an overcll sulfur recovery of 86%.

A sunmary of the technological alternatives to re,iuceeulfur dioxide
emissions is presented in Table VI. Costs of proposed technologies are
estimates for installation of new facilities. Until operauing data are
obtained from large-scale plants, the fino design information concerning
corroeion, material handling problems, and proces8 control cannot be
determined.

Economic Ccmniderat~ons——— -- -.. ..-, ______ .-

The projection of future coppet production rnuot take into ●ccount
certain economic factorm, among which are industrial etructure nnd the
intcrnationnlmarket.
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Vertically integrated corporations are able to absorb a high cost
processing step if they are able to reduce costs elsewhere. Capital spent
to increase the efficiency of the mine a~d concentrator, for example,
allow higher smelting and refining costs to be tolerated. Nonintegrated
corporations, on the other hand, must pay a fixed charge for smelting and
refining, If these chargea me increased, profits from the independent
operations ai”e reduced. The custrro,or toll, smelter passes on the in-
creased c~sts of smelting to mines that supp!.ythe smelter, thereky as-
suming a risk that the independent miners will ship concentrates abroad
for smelting.

Although there is little competition between ameltera within the US,
there is increasing competition from foreign smelters. From 1964 to 1974,
US copper smelter capacity decreased from 26X to 18% of the world capa-
city. This declining trend ~s likely to continue. New foreign operations
are brought on stream with the best new technology, and fewer occupational
safety and environmental protection regulations in Third World countries
result in lower smelting costs.13

To predict domestic primary copper production, we examined the
forecasts of the US Bureau of Mines, the A.D. Little Company, and the !JS
Department of Commerce and compared these forecasts to recent tr~nds in
domestic mirw production. Since 1975, mine production has not followed

‘zAnLrVI. ?rocaoa ●ltcrnaciwo for ruppcr melting,
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projections. In addition, no plans have been ~r.nouncedto expand smelter
capacity and few companies have announced -apital expenditures. This
trend and the environmental difficulties associated with reverbs led us
to predict domestic primary copper production will increase to 2 020 000
tons/yr by the year 2000, an increase of 660 000 tons/yr over 1975
production.14

Projection of Sulfur Dioxide Emissions

Production levels and the choice of appropriate control technology
for any smelter depend upon t~e unique characteristi::sof the concentrates
smelted, the ●ype ~nd age of equipment, and the economic he~lth of the
company. For each smelter in this study we csti.matedcopper production
and sulfur dioxide emissions, taki~~g into account the regulatory,
technological, and economic factors described above, and we made the same
assumptions regarding concentrate sulfur content and efficiency of
pollution control technology outlined earlier. Copper production and
sulfur di:xide emission estimates are surmnarizedby state in Table VII,

We hkve predicted that the Kennecott McGill smelter in Nevada, the
Phelps Dodge smelter at Douglas, Arizona, and the ASARCO smelter near
Tacoma, Washingtont will close by 1985. The Kennecott and Phelps Dodge
smelters are presently operating without control tec!lnologvand the nearhv
mines that have supplied these smelters are now closed. Problems with
arser,iccontamination at the Tacoma smelter will probably shut down this
toll smelter within five years,

Conclusion~

T;~esmelting industry faces some prnblems in complying with air pol-
lution control regulations. The costs (,:introducing new technology or
of modifying older processes requires large capital investments that are
not readily finnucible and are not easily ubsorbed by the smelter. Toll
smelterti,in particl]lar,cannot remain competitive if they must pass on
increased prodt~”tioncosts to their clients. However, new metallurgical
processes can be more economically controlled by available air pollution
control technology and afford grenter energy efficiency than traditional
processes.

The level of cuntrol necessnry to protect air quality is disputed.
There are currently unresolved di6n~reemcnta between EPA and state
agenciet3,betwee!lEPA end induetry, and between gtate ap~ncies and inc!us-
try. Issues +ave arinen i~l the choice of methodology for dvtcrrnfnfng

Ion?-.

$17

IQwl
. . .

71(!

19R Inn
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emission limits, in appropriate dispersion modeling to account for local
meteorological conditions and tel-rainfeatures, and in the determination
of economic feasibility. The resolution of these and other issues may
not be achieved for several years and perhaps then only through litigation
in federal courts.

We have prc~jected some delays in scheduled attainment strategies
through variances, litigation, or lead-time required for construction of
new facilities. We have also concluded that problems would be
insuperable for several smelters afidthat they will cease operating by
1985. While it is difficult to make any long-range forecasts with any
certainty, we have estimated that the technological improveme,:tswill be
deveioped and introduced at smelters and that levels of control presently
required will be installed by 1990.
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